Abstract -Water contaminatinｇ 1,4-dimethylpiperazine was thought to play an important role in effecting a single electron transfer reaction (radical cyclization) of N-allylic trichloroacetamides.
INTRODUCTION
We have recently reported that N-allylic trichloroacetamides (1), upon heating in 1,4-dimethylpiperazine, gave γ-lactams (2) in good yields (Scheme 1).
1-3
These reactions might involve a single electron transfer reaction of 1,4-dimethylpiperazine to 1.
Compounds (1) gave dichloro-substituted carbamoylmethyl radicals after removal of a mono-chlorine atom. Cyclization of these radicals to an olefinic bond and successive addition reaction of a H-atom at the resulting terminal radical intermediates gave γ-lactams (2). Our attention was next turned to the application of this method to synthesis of (-)-kainic acid (3).
4,5
We report herein that water contaminating 1,4-dimethylpiperazine plays an important role in effecting a single electron transfer reaction (radical cyclization). 
Scheme 2
When compound (8) was heated in 1,4-dimethylpiperazine (1,4-DMP), which is commercially available and was used without further purification, the expected radical cyclization product (9) (stereoisomers' ratio = 9:1) was obtained in 28-38% yield together with tert-butyldiphenylsilanol (10) ８ after 10 min of heating (Scheme 3). 
Scheme 3
The stereochemistry between C4 and C5 of the major isomer of compound (9) was probably trans-configuration.
９
We next carried out a similar reaction in pure 1,4-DMP, since reproducibility was not observed, and the yield of product (9) was relatively low. However, the yield of 9 from compound (8) in distilled (pure) 1,4-DMP was found to be lower (7%) than that using non-distilled 1,4-dimethylpiperazine (Table 1 , Entry 1). In this case, silanol (10) was obtained as a major product in 67% yield.
We soon found that the yield of compound (9) was improved to 57% by addition of 5 equiv of water to distilled 1,4-DMP (Table 1 , Entry 2). The addition of 0.2 equiv of water gave a similar result (56% yield of 9) (Table 1, Entry 3). However, when 100 equiv of water was added to 1,4-DMP, compound (9) was obtained in only 19% yield with an increase in the yield of silanol (10) (80%) ( Table 1 , Entry 4).
Therefore, an appropriate quantity of water was found to play an important role in effecting a single electron transfer reaction (radical cyclization). It was thought that the formation of silanol (10) might involve elimination of 8 to give diene (11), which was decomposed under the present reaction conditions (Fig. 1) . The presence of a small amount of water might accelerate the radical cyclization to give compound (9) in good yield. The exact reason, however, is not clear at the moment.
CONCLUSION
We found that water contaminating 1,4-dimethylpiperazine played an important role in effecting a single electron transfer reaction (radical cyclization). MeOH (50 mL) and to the resultant solution was added NaBH 4 (4.5 g, 36.7 mmol) in portion at 0 °C.
The reaction was quenched by addition of water and the reaction mixture was extracted with AcOEt.
The organic phase was washed with brine, dried (Na 2 SO 4 ), and concentrated. The residue was chromatographed on silica gel (hexane/AcOEt, 3:1 to 1:1 to 1:2) to give 7 (3.1 g, 85%) as an yellow oil:
[α] 
Ethyl (R)-4-(N-benzyl-N-trichloroacetylamino)-5-(t-butyldiphenylsilyloxy)-2-pentenoate (8)
To
